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ABSTRACT. The aim of this study was to analyze the morphology and morphometry of lapillus otoliths 
of the catfishes Cathorops spixii and Genidens genidens from the coast of Paraná State, Brazil. We used 147 
lapillus from C. spixii and 96 from G. genidens, of different size classes. Otoliths were characterized with 
smooth margins for both species but with different shapes: oblong for C. spixii and oval for G. genidens. The 
morphological differentiation between the two species is in the anterior region: rounded for C. spixii and 
pointed for G. genidens. The t-test results for otolith measurements were: length (t value = -2.88; p = 
0.0042), height (t value = -6.87; p < 0.000001), anterior angle (t value= 9.84; p = 0.000001) and posterior 
angle (t value =0.41; p = 0.68). The results show that lapillus otoliths of C. spixii and G. genidens differ in the 
shape of the anterior region and in the anterior angle, which facilitate the differentiation between the two 
species in trophic ecology studies on ichthyophagous. 
Keywords: estuary, morphology, morphometry, catfish. 
Otólito lapillus de Cathorops spixii (Spix & Agassiz, 1829) e Genidens genidens (Cuvier, 1829) 
(Actinopterygii - Ariidae). 
RESUMO. O objetivo do presente estudo foi analisar a morfologia e morfometria dos otólitos lapillus dos 
bagres Cathorops spixii e Genidens genidens do litoral paranaense. Foram utilizados de 147 lapillus de C. spixii 
e 96 de G. genidens em distintas classes de tamanho dos peixes. Os otólitos de ambas as espécies foram 
caracterizados com margens lisas, diferindo no formato do otólito em oblongo para C. spixii e oval para o 
G. genidens. A diferenciação morfológica entre ambas as espécies é na região anterior sendo: arredondada 
para o C. spixii e pontiaguda para o G. genidens. Foi realizado um teste t entre as medidas do otólito das 
espécies sendo: comprimento do otólito (t valor = -2,88; p = 0,0042), maior altura do otólito (t valor = -6,87; 
p < 0,00001), ângulo anterior (t valor= 9,84; p < 0,000001) e ângulo posterior (t valor =0,41; p = 0,68). Os 
resultados obtidos demonstram que os otólitos lapillus do C. spixii e do G. genidens diferem no formato da 
região anterior e no ângulo anterior facilitando a diferenciação entre as duas espécies em estudos de 
ecologia trófica de ictiófagos. 
Palavra-chave: estuário, morfologia, morfometria, bagres.  
Introduction 
Otoliths are endogenous calcareous structures 
usually made up of aragonite, and located in the 
inner ear of bony fish (POPPER et al., 2005). Bony 
fish have three otolith pairs, sagitta, lapillus and 
asteriscus, named according to their shape and 
position relative to the inner ear. They are important 
structures used to estimate the age of fish by 
counting the rings (CORREA; VIANNA, 1992; 
FRANCIS; CAMPANA, 2004; NIELSEN; 
JOHNSON, 1983). In addition, data about the 
environmental parameters on which fish developed 
are made available through carbonate composition 
analysis (ELSDON et al., 2008; GHOSH et al., 
2007). Otoliths are also used in studies on fish stock 
determination (AVIGLIANO; VOLPEDO, 2013; 
AVIGLIANO et al., 2014; VOLPEDO; 
FERNANDEZ-CIRELLI, 2006).  
Although the shape of otoliths changes over 
ontogenetic development of each species 
(VOLPEDO; ECHEVERRÍA, 1999), their 
intraspecific pattern makes it an important 
taxonomic tool (POPPER et al., 2005). Thus, they 
are useful in trophic ecology studies of 
ichthyophagous animals (CORREA; VIANNA, 
1992; DI BENEDITTO; LIMA, 2003). Studies of 
biometric relationships between otolith length 
and fish size (length and weight) help estimate the 
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size of prey for ichthyophagous animals, giving 
greater representation to studies on marine 
trophic ecology (DI BENEDITTO; LIMA, 2003).  
Several studies on the morphology and 
morphometry of the sagitta, lapillus and asteriscus 
otoliths have already been made (VOLPEDO; 
ECHEVERRÍA, 2000; BAREMORE; BETHEA 
2006; CAMPANA, 2004; FURLANI et al., 2007; 
NAVEDA, 2001; SMALE et al., 1995; TUSET et al., 
2008;). In Brazil, studies focused on the description 
of the sagitta otolith being: Sciaenidae (CORRÊA; 
VIANA, 1992), Carangidae (ABILHOA; CORREA, 
1992), Gerreidae (LEMOS et al., 1992), Engraulidae 
and Clupeidae (LEMOS et al., 1995). The 
morphometry description of Sardinella brasiliensis was 
held by Rossi-Wongtschowski et al. (1982). Braga 
and Goiten (1985) described the morphology of 
Prionontus punctatus, the description were made by 
some species of Perciformes Siliprandi et al. (2014) 
and Di Beneditto and Lima (2003), for species 
Bembrops heterurus by Vaz-dos-Santos et al. (2007) 
and the description of the otolith Coryphaena 
hippurus by Duarte et al. (2008). 
Studies on sagittal otolith morphometry are 
more numerous than descriptive studies of lapillus 
and asteriscus otoliths (ASSIS, 2003; ASSIS, 2005). 
In Siluriformes, lapillus otoliths are larger than the 
other pairs, differentiating them from other teleosts 
(FUCHS; VOLPEDO, 2009; SMALE et al., 1995). 
The present study aimed to describe the 
morphology and morphometry of the lapillus otolith 
of Cathorops spixii and Genidens genidens (both 
belonging to the family Ariidae and very abundant 
on the coast of Paraná State, Brazil) (BARLETTA  
et al., 2008; FÁVARO et al., 2005), in order to 
facilitate the identification of these species and the 
estimation of the size of fish in stomach contents of 
ichthyophagous animals. 
Material and methods 
All of the specimens were caught (fyke net, 
gillnets, beach seines) in estuarine and coastal 
regions of the Paraná state (25o20’-25o50’S; 48o50’-
48o10’W) in 2003-2004. After capture, the specimens 
were identified according to Menezes and 
Figueiredo (2000) and measured [total length (TL) 
(cm); weight (g)]. Lapillus otoliths were removed 
from the palate region through an incision in the 
optic capsule, washed, dried and stored in bags 
identified with the catalog number of each specimen 
(SECOR et al., 1992), deposited in the 
Ichthyological Collection of the Universidade 
Federal do Paraná. Shape, type of margin, and type 
of sulcus acusticus of the otolith of both species 
were described according to Smale et al. (1995). 
Otoliths were analyzed whole.  
The following measurements were taken with the 
aid of an ocular micrometer coupled to a 
stereomicroscope: length of the otolith, characterized 
by the greatest horizontal measurement between the 
posterior and anterior margin of the otolith (LO), the 
greatest height of the otolith, measured between the 
dorsal and ventral margins (LHO), and the angles of 
the anterior and posterior regions obtained through 
images in the software Corel Draw X3 (COREL 
CORPORATION, 2005) (Figure 1). 
 
 
Figure 1. Schematic drawing of the morphological structures 
analyzed in the left lapillus otolith of C. spixii and G. genidens. 
Structures: length of the otolith (LO), greatest height of the 
otolith (LHO), anterior (Ant. Ang.) and posterior angles (Post. 
Ang.) and dorsal (D), ventral (V), posterior (P) and anterior (A) 
position relative to the fish.  
Measurements of fish and otoliths were related 
through regression analysis and the models were 
estimated through the linear least-squares method 
(ZAR, 2009). The linear and exponential models 
were estimated between the total length (TL) and 
weight of fish, with the length of the otolith 
(LO), respectively. The t-test and discriminant 
analysis were used to detect significant differences 
between the measurements of otoliths of both 
species. 
Results and discussion 
We used 147 lapillus of C. spixii and 96 of G. 
genidens with mean total length and mean total 
weight and standard deviation of 14.29 (± 3.27); 
13.55 (±24.66) cm and 19.04 (±7.85); 73.22 
(±98.99) g respectively. The frequency distribution 
of the total length of both species analyzed is shown 
in Figure 2. 
In Table 1 were show the means and standard 
deviations of the measurements of otoliths. 
The lapillus of both species was characterized by 
smooth margins and absent sulcus acusticus, oblong 
shaped for C. spixii and oval shaped for G. genidens 
(Figure 3). The otolith of C. spixii did not present 
sulcus acusticus, while G. genidens had an 
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indistinctive sulcus acusticus compared to other 
sulcus acusticus of lapillus described in the literature 
(FUCHS; VOLPEDO, 2009). The lapillus otolith 
of freshwater Siluriformes described by Fuchs and 
Volpedo (2009) demonstrates a diversity of shape, 
presence and absence of excisura and variation in the 
type of sulcus acusticus. In the description of some 
marine species lapillus family Ariidae (SMALE et al., 
1995) also found a variation in the otolith shape, 
thickness, shape of the margins and excisura and 
sulcus acusticus absent. Volpedo and Echeverría 
(2000) conducted the description of the lapillus for 
Netuma barbus (Lacépede, 1803), which also showed 
sulcus acusticus and excisura absent. From the 
results of this and other studies, it can be assumed 
that the absence of sulcus acusticus and excisura in 
the lapillus otolith of species of the family Ariidae is 
a constant characteristic, different from other 
families of Siluriformes studied by Fuchs and 
Volpedo (2009). 
 
 
Figure 2. Frequency distribution of the total length of Genidens 
genidens and Cathorops spixii. 
Table 1. Means and standard deviations of length of the otolith 
(LO), greatest height of the otolith (LHO), anterior and posterior 
angles of otoliths and fish total length and otolith length ratio 
(TL/LO). 
Morphometric characteristics C. spixii G. genidens 
LO (cm) 0.73 (± 0.13) 0.80 (± 0.25) 
LHO (cm) 0.49 (± 0.09) 0.62 (± 0.20) 
Anterior angle 134.77° (±15.70°) 109.82° (±14.20°) 
Posterior angle  113.00° (±18.42°) 109.07° (±13.33°) 
TL/LO 19.34 (±1.48) 22.83 (± 3.06) 
 
A very clear differentiation between species is in 
the anterior region, where C. spixii presents a well-
rounded protuberance and G. genidens presents an 
acute, pointed protuberance (Figure 3). All 
morphological characteristics described above 
continue during ontogenetic development in both 
species. Otoliths from fish between 6 and 37 cm 
total length (TL) were analyzed. The presence of 
these fish species in the stomach contents of 
ichthyophagous animals can be distinguished 
considering these characteristics.  
 
Figure 3. Images of lapillus of Cathropos spixii (top) and Genidens 
geniden (bottom). Total length (TL) of both specimens: 19 cm. 
The t-test that run with values of measurements of 
C. spixii and G. genidens (Table 2) evidenced a difference 
between the measurements of the structures: LO, LHO, 
the anterior angle, and TL/LO, which facilitates the 
differentiation of the species in the stomach contents of 
ichthyophagous. The significant differences between 
these measurements may be the result of different 
growth rates between both species G. genidens is larger 
specimens (FROESE; PAULY, 2014). 
Table 2. Results of the t-test with the measurements of the 
structures of the species: length of the otolith (LO), greatest 
height of the otolith (LHO), anterior and posterior angles of the 
otolith and fish total length and otolith length ratio (TL/LO). 
Significant value * < 0.05. 
C. spixii/ G. genidens t value p 
LO (cm)   2.92   0.0038* 
LHO (cm)   6.91 <0.000001** 
Anterior Angle  -9.84 <0.000001** 
Posterior Angle  -0.41   0.6812 
TL/LO -11.83 <0.000001** 
 
A discriminant analysis to identify significant 
differences as for the measured structures of both species 
indicated that the posterior angle is the only structure 
that showed no significant difference between the two 
species, and thus cannot be considered a structure for 
differentiation of otoliths (Table 3). 
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Table 3. Discriminant Analysis for the measurements of the 
structures of the species. Significant value * < 0.05. 
C. spixii/ G. genidens F value p 
LO (cm) 14.01 0.00028* 
LHO (cm) 15.42 0.00001* 
Angles Anterior 50.75 <0.000001* 
Angles Posterior   3.55 0.06043 
TL/LO   5.69 0.01779* 
 
Based on the measurements, four regression 
analyses were run, which enabled to determine the 
length and weight of prey (fish). In relation to C. 
spixii, the first equation is between TL and LO: TL 
= -3.93 + 24.84* LO (p < 0.05; r = 0.98 and r2 = 
0.96). The second is between fish weight and LO: 
Weight = 107*LO5.10 (p < 0.05; r = 0.98 and r2 = 
0.96). For G. genidens, the first equation is: TL =  
-5.68 + 30.71* LO (p < 0.05; r = 0.98 and r2 = 
0.96). The second is Weight = 147*LO3.83  
(p < 0.05; r = 0.99 and r2 = 0.98). 
The lack of studies on the morphometry of the 
lapillus otolith of Ariidae impedes comparisons 
between regressions obtained by other authors for 
G. genidens. Considering C. spixii, a comparison to 
Di Beneditto and Lima (2003) is impossible, due to 
methodological differences, in which the regression 
obtained by these authors were carried out using the 
standard length and the otolith length, as well as the 
equation exponentially fitted (different from the 
present study). 
Conclusion 
C. spixii and G. genidens have oblong and oval 
otoliths, respectively, with smooth margins and an 
absent sulcus acusticus in C. spixii, and less marked 
in G. geniden, not coming to form a groove. The 
shape of the anterior region and the anterior angle of 
the otolith are characteristics that facilitate the 
differentiation between C. spixii and G. genidens. 
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